






























Aquest	 projecte	 està	 dividit	 en	 dues	 parts	 principals.	 La	 primera	 part	 és	 una	 revisió	
profunda	de	la	literatura	científica,	duta	a	terme	per	poder	donar	resposta	a	preguntes	com	
"L'Economia	 Circular	 és	 una	 evolució	 del	 concepte	 d'Ecologia	 Industrial?",	 "Els	 conceptes	
d'Ecologia	 Industrial	 i	 Economia	 Circular,	 tenen	 aspectes	 en	 comú?	 Tenen	 diferències?"	
Després	d'haver	 realitzat	una	 compilació	detallada	amb	nombrosos	articles	 sobre	el	 tema,	
els	 aspectes	 principals	 de	 l'Ecologia	 Industrial	 i	 l'Economia	Circular	 han	 estat	 contrastades	
per	les	definicions	i	experiències	de	diversos	autors.	A	més	a	més,	aquest	contrast	també	ha	
estat	realitzat	gràcies	a	una	enquesta	que	es	va	enviar	a	diversos	experts	en	el	tema.	
El	 propòsit	 de	 la	 segona	 part	 és	 el	 de	 fer	 més	 senzill	 l'aprenentatge	 del	 concepte	












This	 project	 is	 divided	 in	 two	main	 parts.	 The	 first	 part	 is	 a	 review	 thesis	 conducted	 in	
order	 to	 answer	 questions,	 such	 as	 “Is	 the	 Circular	 Economy	 concept	 an	 evolution	 of	 the	
Industrial	Ecology	concept?”,	“Do	Circular	Economy	and	Industrial	Ecology	have	overlaps	in	
their	 meanings?	 Do	 they	 have	 differences?”	 After	 a	 detailed	 compilation	 of	 numerous	
articles	and	papers	on	the	subject,	the	main	ideas	of	Circular	Economy	and	Industrial	Ecology	





















































































































Ø Linear	model:	 conventional	production	and	consumption	model,	which	consists	 in	
the	extraction	of	the	resources,	the	manufacturing	of	the	products,	the	use	of	the	products	
and	the	transformation	into	waste.	












evolution,	 but	 also	due	 to	worldwide	problems,	 such	 as	 climate	 change,	 the	difficulty	 to	obtain	
resources	or	the	huge	amount	of	pollution	and	waste.	
Throughout	 history	 itself,	 a	 numerous	 amount	 of	 concepts	 and	 techniques	 to	 counter	 these	
matters	and	problems	have	appeared.	It	is	thanks	to	these	that	society	has	been	able	to	prosper	in	
the	way	it	has.		
In	 this	project,	 the	main	 concepts	 that	will	 be	 studied	and	put	 into	 context	will	 be	 Industrial	
Ecology	and	Circular	Economy.	
The	motivation	on	 this	 project	 is	 to	 differentiate	 both	 concepts,	 as	 it	 is	 unclear	 if	 one	 is	 the	
“evolution”	 of	 the	 other,	 as	 well	 as	 to	 prove	 their	 similitudes	 or	 overlaps	 by	 carrying	 out	 a	
systematic	review	of	the	literature.	
In	order	to	find	and	operate	with	different	and	multiple	articles	and	scientific	journals,	several	
databases	 have	been	used.	 Taking	 advantage	of	 the	 studies	 in	 two	different	 degrees	 (Industrial	
Organization	 Engineering	 and	 Business	 Administration),	 it	 has	 been	 possible	 to	 access	 the	
databases	of	 two	universities:	Universitat	Politècnica	de	Catalunya	 (UPC)	and	Universitat	Oberta	
de	Catalunya	(UOC).	In	addition,	due	to	the	Erasmus	period	abroad,	taken	place	during	this	course,	
it	 has	 also	 been	 possible	 to	 access	 the	 database	 of	 Università	 degli	 Studi	 Gabriele	 D’Annunzio	
(UdA),	in	Pescara,	Italy.	
Therefore,	 thanks	 to	 these	different	databases,	 the	access	has	been	granted	 to	almost	every	
sort	of	scientific	literature	found,	and	this	has	been	very	helpful	in	order	to	complete	this	project.	
The	main	objective	of	this	project,	as	it	has	been	noted	before,	is	to	try	to	be	able	to	answer	in	
































The	 systematic	 review	 of	 the	 literature	 on	 the	 Industrial	 Ecology	 and	 Circular	 Economy	
concepts,	as	 it	has	been	mentioned	 in	the	section	above,	has	been	conducted	consulting	papers	
from	 scientific	 journals	 searched	 in	 databases.	 As	 it	 also	 has	 been	 said,	 there	 has	 been	 a	
consultation	 of	 three	 databases,	 from	 three	 different	 universities:	 Universitat	 Politècnica	 de	
Catalunya	 (UPC),	 Universitat	 Oberta	 de	 Catalunya	 (UOC)	 and	 Università	 degli	 studi	 Gabriele	
D’Annunzio	(UdA).		
i. UPC	database	
The	methodology	 for	 the	searches	 through	 the	databases	acted	 in	according	of	 the	 following	
steps	for	the	research	in	UPC	database:	




Afterwards,	 the	 search	 had	 to	 be	 definite	 in	 order	 to	 be	 able	 to	 find	 and	 access	 the	 proper	
documents,	 so	 the	 author	 used	 an	 advanced	 search	 in	 which	 he	 selected	 the	 title,	 keywords,	




summary,	 as	 well	 as	 seeing	 the	 year,	 author,	 etc.,	 select	 the	 link	 in	 which	 the	 “Full	 text”	 was	
located	in	order	to	download	the	article/paper/journal	from	its	site.		


























The	 language	of	 the	 literature	has	been	exclusively	 in	English,	 since	most	 researchers	publish	
directly	in	this	language	for	reach	purposes.		
For	 the	search	of	 the	articles	about	 Industrial	Ecology,	 the	process	 followed	 in	order	 to	carry	
out	the	search	and	selection	of	the	articles	was	the	following:	


















After	 reading	 the	 title	 and	 abstract	 from	 these	 results,	 the	 chosen	 ones	 were	 7.	 All	 these	
articles	 were	 read	 and	 revised	 and	 12	 additional	 references	 from	 these	 7	 articles	 were	 also	
reviewed	to	carry	out	the	final	project.	




• As	 the	 author	 just	 wanted	 to	 access	 to	 articles,	 rather	 than	 conferences	 or	 books,	 the	




• Afterwards,	 the	 author	 applied	 yet	 another	 filter,	 the	 temporal	 one.	 He	 changed	 the	
temporal	 period	 from	 “Unfiltered”	 to	 a	 time	 period	 of	 the	 last	 five	 years	 (from	 2014	 to	
2019),	reducing	the	total	number	of	results	just	by	700,	with	a	total	of	6.239.	
• Finally,	the	author	searched	for	reliable	sources	and	he	found	out	that	“Scopus”	database	
was	one	of	 the	best,	 so	 this	was	 the	next	 filter.	After	 applying	 this	 last	 filter,	 the	 search	
results	were	widely	reduced	to	1.168.	








on	the	 last	25	years	 (from	1993	to	2019).	This	was	not	applied	 in	 the	search	of	 the	 first	articles	









	 1st	search	 Final	refined	search	 Articles	used	
Industrial	Ecology	 2.683	 22	 19	
Circular	Economy	 12.213	 38	 24	
Table	2.1.	Literature	review	summary	




In	order	 to	prepare	 the	survey	 that	has	been	sent	 to	numerous	experts	on	 Industrial	Ecology	
and	Circular	Economy,	some	tips	and	steps	have	been	followed.	
First	of	all,	the	emails	from	the	experts	have	been	obtained	revising	the	published	articles	that	
have	 been	 checked	 during	 the	 research.	 In	 scientific	 articles,	 there	 is	 usually	 a	 type	 of	 contact	
information	that	allows	the	reader	to	contact	with	the	author(s)	and	it	is	normally	an	email.	These	
articles	have	been	published	by	experts	 from	all	 over	 the	world,	 especially	 from	Europe,	 so	 the	
participants	of	the	survey	are	from	various	places.	






• The	mode	of	 the	 survey	 has	 to	 be	well	 defined	 and	 carried	 out	 only	 in	 one	way	 (it	was	
chosen	to	be	with	Google	Forms	in	order	to	make	it	easier	to	both	ask	and	answer).	













July	 8th,	 and	a	 final	 email	 on	August	 20th.	Up	 to	41	had	 replied	by	August	 26th,	 so	 that	was	 the	
number	of	people	that	was	taken	into	account	for	the	data	analysis	in	the	end.	The	emails	sent	can	
be	found	in	the	Appendix	2.	
















author	of	 this	project	and	also	on	May	30th,	2019,	with	 the	same	group	and	the	addition	of	 the	
project	supervisor	Andrea	Raggi.	
On	 June	21st,	 2019,	 there	was	a	 seminar	 conducted	by	 the	end-of-degree	project	 supervisor,	
professor	Andrea	Raggi,	Dr.	Ioannis	Arzoumanidis	and	the	author	of	this	project.	The	seminar	was	
given	as	the	final	lecture	of	a	16-hour	doctoral	course	in	Industrial	Ecology	and	lasted	for	3	hours	
approximately.	 Its	 content	 was	 mainly	 to	 implement	 the	 game	 “In	 the	 Loop”	 in	 a	 class	 for	












3. Definitions,	 history	 and	 limitations	 of	 Industrial	 Ecology	
and	Circular	Economy		
In	 recent	 times,	 with	 the	 emergence	 of	 Global	 Warming,	 the	 massive	 reduction	 of	 Earth’s	
resources,	the	 increase	of	waste	and	pollution	all	over	the	world,	among	other	things,	there	has	
appeared	also	a	tendency	trying	to	cope	with	these	factors.		
There	have	been	different	 concepts	 that	have	emerged	 throughout	 the	years	and	 their	main	
goal	 is	 to	 diminish	 some	 of	 the	 factors	 described	 before.	 Two	 of	 these	 concepts	 are	 Circular	
Economy	and	Industrial	Ecology.	
As	both	concepts	are	related	to	the	efficiency	on	industrial	and	economic	factors,	as	well	as	the	





because	it	 is	focused	on	the	design	of	the	products	and	the	characteristics	of	the	processes.	 It	 is	
ecological	in	a	sense	that	it	is	based	on	natural	ecosystems	and	their	functioning	and	also	because	
“it	places	human	technological	activities	in	the	context	of	the	larger	ecosystems	that	support	it”,	
along	with	 the	examination	of	 the	sources	 from	the	resources,	 the	materials	used	and	the	sinks	
that	“absorb”	waste	(Ayres	et	al.,	2015).	
Industrial	Ecology	 (IE)	 is	not	an	academic	discipline,	but	a	scientific	concept	or	 field,	a	way	of	
thinking	or	a	strategy	that	can	be	applied	in	different	facets	overall	in	society	(Brattebo,	2002).	It	
also	 includes	 tools,	methods	 and	principles	 relevant	 to	business	management	 (Sullivan,	 Thomas	
and	Rosano,	2018).	
Industrial	Ecology	can	be	defined	as	a	sort	of	study	with	the	aim	focused	on	understanding	how	
the	 materials	 and	 energy	 flows	 circulate	 (Saavedra	 et	 al.,	 2018)	 (see	 figure	 3.1).	 It	 tries	 to	
understand	the	functioning	and	regulation	of	the	industrial	ecosystem,	as	well	as	 its	 interactions	
with	the	biosphere,	so	that	afterwards	it	can	be	restructured	imitating	the	functioning	of	natural	








IE	 aims	at	 changing	 the	 lineal	 flow	of	materials	 in	 industrial	 systems	 into	a	pure	 circular	one	
(production	with	zero	waste	(Lippke,	1995).	IE	defines	three	different	stages:	stage	1	is	the	linear	
flow	of	materials	(unlimited	resources	and	unlimited	waste),	stage	2	is	a	semicircular	flow	(limited	

















place	 between	 different	 stakeholders	 in	 the	 same	 geographic	 area,	 for	 example	 in	 port	 cities,	














For	 decades,	 it	 has	 been	 considered	 as	 a	 concept,	which	 can	provide	methods	 and	practices	
that	 connect	 the	 traditional	 business	 practice	 and	 a	 more	 sustainable	 development	 (Sullivan,	

































essence	 of	 this	 concept	 is	 to	 innovate	 business	 models	 that	 shift	 from	 single	 transactions	 to	
multiple	through	business	models	(Nußholz,	2017).	Its	main	point	is	to	capitalize	on	material	flow	











The	 Circular	 Economy	 is	 therefore	 contrary	 to	 the	 linear	 model	 and,	 this	 new	 model	 is	






2016)	 that	 is	 not	 only	 focused	 on	 the	 acquisition	 of	 resources	 and	 their	 use,	 but	 also	 in	 the	
reduction	and	utility	of	waste	(Parida	et	al.,	2019).	The	 idea	of	Circular	Economy	stimulates	new	
business	 opportunities	 by	 reducing	 negative	 environmental	 impacts	 (Korhonen,	 Honkasalo	 and	
Seppälä,	2018).	
One	of	the	objectives	of	Circular	Economy	is	to	restore	the	biogeochemical	cycles,	such	as	the	
oxygen	 or	 carbon	 dioxide	 from	 the	 atmosphere	 or	 the	 water	 cycle,	 among	 others,	 all	 altered	
because	of	human	activity	(Murray	et	al.,	2017).	
After	 a	 long	 review	 on	 114	 different	 definitions	 of	 Circular	 Economy	 in	 scientific	 articles	
(Kirchherr,	 Reike	 and	 Hekkert,	 2017),	 the	 concept	 of	 Circular	 Economy	 is	 most	 frequently	
described	 as	 the	 combination	 of	 reduction,	 reuse	 and	 recycling	 activities.	 Therefore,	 it	 is	 a	
development	model	with	the	aim	of	minimizing	the	impact	of	human	activities	regarding	the	3	Rs	
(Scarpellini	et	al.,	2019)	 in	order	to	“maintain	the	utility	and	value	of	products,	components	and	














the	 scope	 to	 generate	 economic	 prosperity,	 protect	 the	 environment	 and	 prevent	 pollution	
(Prieto-Sandoval,	Jaca	García	and	Ormazabal	Goenaga,	2016).	
The	Circular	Economy	approach	emphasizes	improvements,	such	as	the	material	or	component	




and	 repair,	 then	 remanufacturing,	 afterwards	 for	 the	 reutilization	 of	 raw	 materials,	 the	 for	
combustion	and	finally	for	landfill	disposal.	
The	Circular	Economy	concept	covers	the	concepts	of	industrial	ecology,	industrial	ecosystems,	
industrial	 symbiosis,	 cleaner	 production,	 product-service	 systems,	 eco-efficiency	 and	 others	
(Korhonen,	Honkasalo	and	Seppälä,	2018).	
The	definition	of	 Circular	 Economy	also	 includes	 the	 re-thinking	of	 consumption	 culture.	 The	
























A	good	example	of	CE	 is	one	used	after	a	study	on	packaging	 in	a	company.	 In	this	company,	
they	used	eucalyptus	wood	sheets	in	order	to	separate	loaded	pallets	to	prevent	damaging	each	
other	 during	 the	 storage.	 After	 the	 study,	 the	 replacement	 of	 these	wood	 sheets	 for	 virgin	 PP,	
recycled	PP	 and	mineral	 filters	 resulted	much	more	 efficient	 in	 terms	of	 number	of	 uses	 (more	
than	 ten	 times	 higher),	 lower	 weight,	 use	 of	 recycled	 PP	 and	 thus,	 environmentally-friendlier.	

















in	 a	 cyclical	 ecological	 system	 capable	 of	 continuous	 reproduction	 of	 material	 even	 though	 it	
cannot	avoid	having	inputs	of	energy”	(Murray	et	al.,	2017).	








growth"	 carried	out	by	Rachel	Carson	of	 the	Club	of	Rome	 in	 the	1970s	 (Winans,	Kendall	
and	Deng,	2017).	 In	1989,	pioneers	 such	as	Pearce	and	Turner	 stated	 that	 the	 traditional	
model	 of	 linear	 economy	 was	 not	 sustainable	 and,	 therefore,	 should	 be	 replaced	 by	 a	
circular	model	(Geisendorf,	2017).	
According	to	the	literature	(Murray	et	al.,	2017;	Geisendorf,	2017),	CE	has	been	developed	
on	 the	 basis	 of	 other	 approaches,	 such	 as:	 the	 systems	 theory	 (stating	 that	 an	 economy	








Parallel	 to	 Industrial	 Ecology,	 born	 from	 groups	 of	 academics,	 other	 concepts	 with	 stronger	
focus	 on	 economics,	 such	 as	 Environmental	 Economics,	 Ecological	 Economics	 or	 Socioecological	
Economics	were	developed	with	the	same	origin.	Unlike	them,	Circular	Economy	emerged	and	was	














last	 decades	 it	 has	 evolved	 into	 including	economic	processes	 (production	and	 consumption).	 It	
also	 focuses	 more	 on	 the	 environmental	 aspect	 of	 the	 new	 strategies,	 rather	 than	 in	 their	
profitability.	
























One	 of	 the	 limitations	 of	 Circular	 Economy	 is	 that	 most	 of	 the	 global	 energy	 consumption	




main	 energy	 sources	 globally	 used	 are	 non-renewable,	 its	 approach	 cannot	 be	 as	 extended	 as	
expected.	
The	use	of	biofuels	and	biomaterials	has	an	 important	role	 in	CE,	but	the	assessment	of	their	
environmental	 impacts	 still	 has	methodological	 limitations,	mostly	 regarding	 the	method	 of	 life	
cycle	assessment	 (LCA)	 (Korhonen,	Honkasalo	and	Seppälä,	 2018),	because	of	 the	 complexity	of	
bioenergy	systems	and	the	significant	changes	of	the	market	forces,	relevant	to	LCA	and	policy.	
The	Circular	Economy	concept	cannot	work	for	thermodynamics,	as	no	system	is	totally	circular	
or	 closed;	 there	 are	 always	energy	dissipations	due	 to	 the	entropy	 law.	 Its	 application	 causes	 a	
decreasing	phase	instead	of	a	growth-oriented	one	on	the	economic	system	(Winans,	Kendall	and	
Deng,	2017).	
Another	 limitation	or	problem	of	CE	 is	 Jevons'	paradox	and	 the	 rebound	effect,	which	 states	










As	 it	 has	 been	 explained	 in	 the	 “Methodology”	 section,	 after	 compiling	 numerous	 email	
addresses	from	the	articles	reviewed,	a	questionnaire	was	delivered	to	them.		













































































































































The	main	overlaps	of	 these	 two	 concepts,	 from	 the	experts'	 responses	of	 the	 survey	are	 the	
ones	summarized	and	listed	below:	




















• Material	 flows	approach,	 loop	technologies	and	value	chains.	Both	concepts	are	about	
closing	the	 loop,	using	waste	streams	of	one	process	as	resource	for	other	production	
processes.	
• The	 combination	 of	 management	 skills	 to	 provide	 a	 more	 harmonized	 use	 of	 raw	
materials.	




use	 of	 one	 company's	 wastes	 can	 be	 turned	 into	 resources	 for	 another	 one,	 the	 resource	



























philosophical	 approach.	 IE	 has	 a	 more	 quantitative	 perspective	 and	 CE	 is	 more	
conceptual.	
• CE	 includes	 more	 fields	 than	 IE,	 for	 example,	 life	 cycle	 assessment	 or	 other	
environmental	management	tools.	
• Industrial	Ecology	is	a	discipline,	an	academic	field,	which	has	been	developed	to	supply	
methods	 and	 techniques	 to	 diminish	 the	 environmental	 impact,	 through	 cooperation	
between	 manufacturing	 systems.	 Circular	 Economy	 is	 an	 abstract	 construct	 that	
captures	a	trend	and	indicates	a	pathway,	a	policy	concept,	but	not	a	discipline.	
• CE	 tends	 to	 portray	 closed	 loops	 as	 an	 end,	 even	 if	 environmental	 impact	 in	 not	
necessarily	reduced,	whereas	for	IE	the	focus	is	this	one.	IE	tends	to	take	a	more	critical	
perspective	towards	sustainability.	
• The	 resources	 involved	 in	 CE	 is	much	more	 significant	 than	 in	 IE,	 since	 the	 people	 in	
charge	of	CE	management	are	in	a	higher	hierarchy	position.	
• Industrial	 modeling	methods	 that	 imply	 great	 uncertainties	 keep	 IE	 researchers	 from	
stating	 policy	 recommendations,	 whereas	 CE	 decision	 makers	 are	 not	 so	 easily	
prevented,	as	they	are	used	to	dealing	with	uncertain	modeling.	






whilst	 IE	 focuses	more	 on	 technical	 and	 industrial	 issues.	 IE	 has	 a	 local	 application	 and,	 on	 the	
other	hand,	CE	has	different	scales	of	application,	including	a	global	approach.	
There	 are	multiple	 articles	 that	 state	 that	CE	 emerged	as	 a	 branch	of	 IE,	 but	 as	 a	 concept	 is	
much	 wider,	 as	 it	 contemplates	 IE	 approaches	 and	 much	 more.	 Also,	 related	 to	 this	 previous	








5. Comparison	 between	 Industrial	 Ecology	 and	 Circular	
Economy		
As	a	way	of	 comparison	between	 the	 two	 concepts,	 this	 chapter	has	 three	different	ways	of	
doing	 it:	 regarding	 the	definitions	used	 from	articles	 in	 chapter	3,	 regarding	 the	answers	of	 the	
questionnaire	 to	 experts	 and	 the	 use	 of	 a	 few	 other	 articles,	 which	 had	 already	 a	 comparison	




After	 having	 summarized	 the	 main	 ideas	 of	 the	 articles	 selected	 in	 chapter	 3,	 defining	 the	





the	amount	of	waste	 created.	They	are	both	 contrary	 to	 the	 linear	model	of	 take-make-
dispose.		
• The	main	 idea	 or	 strategy	 can	 be	 applied	 in	 different	 facets	 of	 society,	 as	 both	 include	
methods	relevant	to	business	management.	



































discipline	 than	 Industrial	 Ecology.	Most	 of	 all,	 it	 is	 due	 to	 the	 inclusion	 of	 economic	 and	 policy	
issues	that	CE	takes	into	account	and	IE	does	not	(Saavedra	et	al.,	2018).		
Industrial	 Ecology	 can	 be	 helpful	 to	 a	 transition	 towards	 Circular	 Economy,	 throughout	 the	






































































































questions.	 Even	 so,	 both	 other	 methods	 resulted	 successful	 in	 terms	 of	 having	 numerous	
differences	and	overlaps.	
The	comparison	table	adapted	from	Geisendorf	(2017)	used	as	the	third	method	of	comparison	
had	more	 fields	 comparing	 IE	 and	 CE,	 but	 the	 scope	 of	 this	 project	 is	 not	 enough	 extensive	 to	
include	every	detail	on	it.	
These	 three	methods	 have	 been	 very	 useful	 to	 compare	 and	 to	 determine	 the	 overlaps	 and	
differences	between	the	two	concepts.	There	are,	however,	some	arguments	that	were	identified	
during	these	three	comparisons,	which	have	opposite	statements.	Therefore,	 it	 is	 important	that	
they	are	cited	below:	
• In	 some	 articles,	 IE	 is	 considered	 to	 have	 only	 a	 local	 approach,	 while	 CE	 has	 different	
scales	of	approaches	(inside	the	firm,	between	firms	and	global).	In	other	articles,	however,	
IE	appears	to	have	not	 just	the	 local,	but	various	approaches	 like	the	ones	 just	described	
for	CE.	
• In	some	articles,	it	is	claimed	that	CE	is	a	wider	concept	that	includes	nearly	every	principle	















Inside	 the	 game,	 each	 player	 represents	 a	 company	 and	 the	 game’s	 purpose	 is	 to	 produce	



















• Material	 tokens:	 these	 tokens	can	be	used	 to	produce	products	 (see	Figure	6.1).	They	
can	be	obtained	once	at	a	 turn	 in	 two	ways	possible:	by	the	player	who	mines	 it	and,	
therefore,	paying	to	the	bank	a	given	sum	or	when	a	player	mines	it	in	his/her	turn,	but	
it’s	bought	by	another	player	after	winning	the	bid.	After	their	use	to	produce	a	product,	
they	 are	 placed	 in	 the	 Junkyard	 or	 a	 player’s	 Private	Warehouse.	 At	 any	 given	 time,	
there	are	some	of	them	that	are	available	and	some	others	may	be	placed	upside	down	
































are	 2	 of	 them	 that	 are	 active	 at	 the	 same	 time,	 so	 every	 5	minutes,	 the	 oldest	 one	
becomes	 inactive	and	 is	 replaced	by	a	new	one.	These	Event	cards	have	also	multiple	
different	 consequences	 (see	 Figure	 6.4).	 For	 example:	 during	 the	 time	 that	 the	 Event	
card	 is	 active,	 the	 tensions	 between	 China	 and	 the	 US	 are	 strong	 and	 the	 materials	




















Most	 of	 the	 Strategies	 and	 Event	 cards	 are	 related	 to	 real	 and	 current	 occurrences	 and	
procedures.	 It	 gives	 perspective	 of	 how	 the	 world	 works	 in	 terms	 of	 the	 extraction	 of	 rare	
elements	and	product	manufacturing	and	consumption.	It	also	lets	players	understand	how	hard	it	










there	was	 a	questionnaire	 to	 fill	 out	 for	 the	participants	of	 the	 game.	 This	 questionnaire	was	 a	
simple	way	to	determine	the	knowledge	of	the	students	in	the	field	of	CE	and	their	opinion	on	the	
development	of	the	board	game.		
A	 total	 of	 8	 students	 answered	 it	 (their	 questionnaires	 can	be	 found	 in	Appendix	 4)	 and	 the	
results	of	their	answers	can	be	found	summarized	in	this	section.			
It	should	be	noted	that	the	questionnaires	were	developed	in	Italian,	as	most	of	the	students	
were	 from	 Italy	 and,	 therefore,	 they	 are	 more	 fluent	 and	 more	 able	 to	 communicate	 in	 their	
mother	tongue.	
The	questionnaire	followed	a	structure	of	questions	organized	in	a	way	that	the	first	ones	were	
easier	 and	 more	 centered	 into	 the	 development	 of	 the	 seminar	 and	 those	 after	 had	 a	 more	
subject-centered	point	of	 view.	 The	more	 close	 to	 the	end	of	 the	questionnaire,	 the	more	 they	















































The	next	question	was	a	bit	more	demanding	as	 its	aim	was	 to	 test	 the	participants	whether	
they	 caught	 the	main	 idea	or	 concept	 of	 the	 game.	 The	 answers	 had	 a	 variety	 of	 concepts:	 for	
some	of	them,	the	main	idea	was	the	management	of	economy	during	the	process	of	production;	
for	others,	 the	 importance	of	historical	events	 in	 terms	of	 their	direct	effect	on	production.	For	
some	others,	the	importance	to	choose	wisely	a	strategy	to	follow	and	being	able	to	adapt	at	all	
times,	since	there	are	no	strategies	that	have	a	solution	in	every	field.	
Then,	 they	were	asked	 if	 they	 learned	something	 from	the	game	and,	 in	 this	question,	every	
participant	approved,	as	they	all	learned	at	least	one	thing	from	it.	Regarding	the	specifications	of	












































The	 other	 subject	 that	 they	 were	 asked	 to	 what	 extent	 their	 viewpoint	 had	 changed	 after	











when	 a	 company	 (a	 player)	 needed	 a	 material	 in	 order	 to	 produce	 or	 realized	 that	 another	
company	 needed	 it	 in	 order	 to	 advance	 in	 the	 game,	 they	 increased	 their	 price	 to	 have	more	
benefit	on	their	own	or	even	refused	to	sell	 it	at	any	cost.	This	was	one	of	the	subjects	that	the	
game	was	best	suited	in	reproducing	the	world's	reality.	




























































In	 this	 project,	 a	 systematic	 literature	 review	 on	 published	 articles	 of	 IE	 and	 CE	 has	 been	
conducted.	 This	 review	has	been	developed	 following	a	 rigorous	method	and	after	 checking-
reading	19	papers	on	 IE	 and	24	on	CE,	 an	explanation	on	what	are	 these	 concepts	 and	 their	






dispose;	 both	 concepts	 aim	 to	 optimize	 the	 resources	 and	 reduce	 the	 amount	 of	 generated	
waste	 and	 they	 are	 both	 focused	 on	 ecology,	 avoiding	 pollution	 and	 using	 environmentally-
friendly	resources	and	materials.	
On	the	other	hand,	some	of	the	main	differences	are:	IE	is	a	scientific	field	and	CE	is	a	more	
philosophical	 concept;	 IE	 is	more	 focused	 on	 industry	 and	 technology,	 while	 CE	 has	 a	more	
socio-economic	 and	 political	 approach	 and	 that	 the	 IE	 concept	was	 born	 earlier	 than	 the	 CE	
concept,	which	emerged	from	an	IE	branch.	
It	 has	 been	 identified	 that	 both	 concepts	 have	 a	 similar	 origin,	 around	 the	 idea	 of	 finite	








• Most	 of	 the	 global	 energy	 consumption	 (around	 75%)	 is	 based	 on	 non-renewable	
sources.	 It	 is	 therefore	difficult	 to	 implement	 some	CE	principles,	 such	as	 adopting	
renewable	sources	as	energy	consumption,	since	it	would	have	to	change	at	a	huge	
scale	the	way	of	energy	consumption.	
• Jevons'	 paradox	 and	 the	 rebound	 effect	 state	 that	 the	 better	 the	 technology	 and	



















The	most	agreed	new	differences	added	 from	 the	questionnaires'	 responses	were:	CE	 is	 a	
wider	 concept	 than	 IE,	 since	 it	 includes	 all	 IE	principles,	 plus	many	others,	 such	as	 economic	
approaches,	 relationship	between	producer	and	consumer,	etc.;	 and	 that	 industrial	modeling	
methods	with	uncertainties	keep	IE	researchers	from	stating	policy	recommendations,	whilst	CE	
decision	 makers	 are	 not	 so	 easily	 prevented,	 as	 they	 are	 used	 to	 dealing	 with	 uncertain	
modeling.	
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As	 it	 can	 be	 seen	 in	 the	 next	 image,	 after	 selecting	 these	 concepts,	 the	 search	 results	
were	diminished.	
	








After	 reading	 the	 information	 and	 the	 summary	 of	 the	 document,	 in	 order	 to	 find	 the	
document	itself,	the	student	has	to	click	the	“PDF/HTML”.		As	it	is	shown	in	the	image	below,	


























In	 this	 database,	 the	 results	 were	 not	 as	 significant	 as	 in	 the	 UPC	 database,	 so	 the	
parameters	on	the	gray	box	were	not	as	much	modified	as	in	the	UPC	one.	
	



























the	next	 figure	 that	 the	keywords	can	be	 found	 in	 the	 title	or	other	options,	as	well	as	 to	
include	other	words	by	using	the	“AND”	button	or	the	“OR”	one.	
	







































A	 few	weeks	 ago	 I	 sent	 you	 an	 email	 with	 a	 survey	 on	 Industrial	 Ecology	 and	 Circular	
Economy,	 which	 will	 be	 used	 to	 analyze	 the	 data	 and	 help	 me	 complement	 my	 end-of-
degree	thesis.	
I	now	resend	the	link	of	the	survey,	so	that	if	you	did	not	see	it,	forgot	to	answer	it	or	did	
not	 have	 time	 at	 the	moment,	maybe	 you	 are	 able	 now.	 If	 you	 already	 answered	 to	 the	
survey,	I	am	grateful	and,	of	course,	you	do	not	have	to	answer	it	again.	
https://forms.gle/2XVoiC4VQRFjUv7b7		








As	 a	 last	 reminder	 for	 the	 experts	 to	 answer	 the	 questionnaire,	 another	 reminder	was	
sent	on	August	20th,	and	after	a	week,	on	August	26th,	 the	responses	were	blocked	with	a	
final	number	of	41.	This	last	email	reminder	is	the	one	that	follows:	
“Dear sir or madam, 
As a reminder, please find attached the link of the survey on Industrial Ecology 
and Circular Economy for my end-of-degree thesis. It will only take 5 minutes of your 
time and will be really helpful for me. 
https://forms.gle/2XVoiC4VQRFjUv7b7  







Appendix	3. Questionnaire	 from	 experts	 on	 Circular	 Economy	
and	Industrial	Ecology	
The	 content	 of	 this	 annex	 are	 the	 screenshots	 of	 the	 questionnaire	 answered	 by	 the	



















































Italy	and	they	answered	the	questions	 in	English,	 rather	 than	 in	 Italian.	Nevertheless,	 they	
were	capable	of	understanding	the	content	of	the	questionnaire.		




































































































































































































































































































































































































































































































































































































































































































































































































Pensi	 che	 l’uso	 dell’interazione	 sociale	 mediante	 giochi	 sia	 più	 efficace	 dell’approccio	
didattico	“tradizionale”?	(1=per	niente	–	5=molto)	4,5		
Lo	è	in	questo	campo	(EC/EI)?	(1=per	niente	–	5=molto)	4	
	
	
